The limitation of rf diodes have led to the development of new plasma sources, such as electron cyclotron resonance (ECR) plasma source and inductively coupled plasma (ICP) sources that operate at low pressure and high plasma density. ECR plasma etchings for semiconductor devices have been widely reported recently.1>2 As a new kind of plasma source, ICP has appealed to many scientists r e~e n t l y .~>~ Accompanying this surge of new generation plasma source there has been an effort to study these plasma parameters. There are a number of experimental studies on ICP involving plasma source m e a s~r e m e n t s .~ The detailed theoretical research seems relatively difficult because of the sophisticated processes and complex physical and chemical phenomena as well as some engineering problems. To attack these problems preliminarily, scientists and engineers are trying to find a simple and efficient way to obtain the qualitative basic operation parameters as many as possible. The global model presented by Lieberman and Gottscho seems very helpful to estimate the plasma source parameters in a simple manner."' The previous comparison proves that the global model can be employed for an accurate estimation with relatively little calculation unless the detailed spatial parameter is re quire d .6q
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(1) Geometry Descriptions: The geometry of the ICP chamber is shown in Fig. 1 . The metal chamber bottom radius T and height L are 12 and 8cm, respectively. On the top, there is a dome cover. The top surface, with curvature radius 13cm, is supposed to be isolated and the others are grounded. The neutral argon gas pressure is assumed to be uniform at 1. 5 , 10 or 20 mTorr with a uniform temperature 0.06 eV, respectively. 
where U, and v, are scattering cross section and mean electron thermal speed ( 8 k T , /~m , )~/~ and the subscript "i" denotes the ith inelastic scattering. (3) Global Particle Balance: On the basis of the conservation law, the ion-electron pairs are created in the bulk plasma by electron-neutral ionization and lost by flow to the walls. The recombination of ion and electron is neglected since e-i collision frequency is quite small. Ions are lost from the discharge after being accelerated to the Bohm velocity uB = (kTe/M)1/2, a t the sheath edge, where M is ion mass. So assuming the ionization rate Ki, is uniform in the space, as Ref. 7 . we equate the total volume ionization and the surface particle loss a t sheath edges,
where N , n, V , r b , rs and rt are the neutral gas density, the plasma density, chamber volume, 
where &ion = 15.75 eV, cex = 14.1 eV, = 12 eV and 3mkTe/M are the energy lost per electron as a result of ionization, electronic excitation, metastable creation and elastic collisions, respectively. The mean kinetic energy lost per electron recombination at the wall is 2kT, and the kinetic energy per ion flowing out of the plasma bulk is about 5.2 kTe.7 Therefore, the total energy lost per electron-ion pair in the system can be expressed as follows, E , = E, + 5.2kTe + 2kT, = E , + 7.2kTe . J.
Using the situation of example 1, with E , = 70.2 eV, we assume Pabs = 200 W and finally get the maximum plasma density n M 0.62 x lOI7/m3. Therefore, the ion current density on wafer7 J b = h,nu, =1.76mA/cm2. We display the plasma density dependence on neutral gas pressure in Fig. 5 and the J b dependence on neutral gas pressure in Fig. 6 . (6) Magnetic Effects: Magnetic field is applied along the cavity axis. The particle loss to the circumferential wall is inhibited. So it will limit the radial loss and increase n. In such a case, approximately h, = 0. With the assumption of the previous example, we have Te = 4.9 eV, n = 1.4 x 1017 /m3 and J b = 3.5 mA/cm2. It seems quite interesting that the n and Jb can be doubled if the applied magnetic field is strong enough to prevent electron from flowing to the circumferential wall. All comparison of magnetic effects are shown in Figs.3-6 with dashed 1' ines.
